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a b s t r a c t

A series of Eu3+-activated molybdate-based phosphors were synthesized. The experimental results indi-
cate that the concentration quenching does not happen in Eu3+-doped Na0.5Gd0.5MoO4 phosphor and the
relative emission intensity enhances with the increase of the Eu3+ doping ratio, which reaches a max-
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imum at 50 at.% of Eu3+. The emission intensity of Na0.5Eu0.5MoO4 is about 2.26 times higher than that
of Ca0.8MoO4:Eu0.2

3+. The introduction of Li+ substituting for Na+ does not change shapes and positions
of photoluminescence spectra of Na0.5Eu0.5MoO4 but evidently enhances the emission intensity of Eu3+

under 396 nm excitation and the optimal doping concentration of Li+ is 25 at.%.
© 2010 Elsevier B.V. All rights reserved.
ed emission phosphor
hite LEDs

. Introduction

White light-emitting diodes (LEDs) can offer benefits in terms
f high luminous efficiency, maintenance, and environmental pro-
ection, more and more interest is focused on this solid-state light
1–5]. Presently, the emission bands of LED chips shift to the
ear-UV range (∼400 nm) and the near-UV light can offer higher
fficiency solid-state lighting [6–8]. The current commercially
pplicable red phosphor for UV InGaN-based LEDs is Y2O2S:Eu3+

9]; however, the Y2O2S:Eu3+ red phosphor cannot efficiently
bsorb in near-UV region and its brightness is about eight times
ess than that of the blue (BaMgAl10O17:Eu2+) and green (ZnS:(Cu+,
l3+)) phosphors. In addition, the lifetime of the Y2O2S:Eu3+ is inad-
quate under near-UV irradiation for its instability. At present, a
reat deal of research is being carried out to find a certificated red-
mitting phosphor for white LEDs. Yang et al. [10] synthesized a
ovel red-emitting phosphor Mg2GeO4:Sm3+ and investigated the

roperties of luminescence in detail. Fu et al. [11] investigated that
he luminescent properties of Eu3+-activated CaTiO3 novel red-
mitting phosphors for LEDs. Recently, Liu et al. [12] obtained green
ight-emitting phase in Ba3MgSi2O8:Eu2+, Mn2+ full color phosphor
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for white light-emitting diodes via addition of Si3N4. However, the
brightness of Mg2GeO4:Sm3+, CaTiO3:Eu3+ and Ba3MgSi2O8:Eu2+,
Mn2+ are still inadequate for application in white LEDs. Therefore, it
is crucial to seek alternative red phosphors with high luminescence
and satisfying chemical stability.

In the scheelite-related red phosphors, molybdate is a good
choice as a host material. The central Mo6+ metal ion is coordinated
to four oxygen atoms in tetrahedral symmetry (Td). Therefore,
molybdates are chemically stable, which are better than sul-
fide and oxysulfide red-emitting phosphors, such as CaS:Eu2+,
Y2O3:Eu3+[13] and Y2O2S:Eu3+. Moreover, molybdate phosphors
have broad and intense absorption bands due to charge trans-
fer (CT) from oxygen to metal in the near-UV region. Scheelite
CaMoO4 has almost ideal structure of the MoO4

2− and shows
excellent thermal and hydrolytic stability. Ci et al. [6] have syn-
thesized the CaMoO4:Eu3+ phosphors and found that the emission
intensity of commercial phosphors Y2O2S:Eu3+ was only 37% of
Ca0.80MoO4:Eu0.20

3+ under 393 nm excitation. However, the bright-
ness of CaMoO4:Eu3+ is still inadequate for application in white
LEDs. CaMoO4 host used in red phosphors can be doped with a
small quantity of europium, which is 25 mol% at the most, due to
the critical concentration for quenching of the Eu3+ luminescence

in CaMoO4. It is well known that low doping concentrations lead
to weak luminescence. Therefore, if the concentration quenching
is suppressed, it can be assumed that a large quantity of europium
doped into the host lattice can give rise to a high red emission due
to the more effective absorption of near-UV light. In addition, it is

http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:whanxie@gmail.com
dx.doi.org/10.1016/j.jallcom.2010.04.057
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Fig. 1. XRD comparison patterns of (a) Na0.5Gd0.5−xEuxMoO4 (x = 0.05, 0.125

ell established that the luminescence properties can be tuned by
ot only the Eu3+ concentration but also partial cross-substitution
etween alkali metals ions. The replacement of Li by Na and/or K is
n example [2].

Na0.5Gd0.5MoO4 is similar to CaMoO4 in crystal structure
nd the MoO4

2− oxyanion complex is the principal constitutive
lement. In this paper, trivalent europium ion (Eu3+)-activated
hosphors Na0.5−yLiyGd0.5−xEuxMoO4 were synthesized and their

uminescent properties were investigated in detail.

. Experimental details

The phosphors Na0.5Gd0.5−xEuxMoO4 (x = 0.05, 0.10, 0.125, 0.15, 0.20, 0.30, 0.40
nd 0.50) and Na0.5−yLiyEu0.5MoO4 (y = 0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.40 and 0.50)
ere synthesized using solid-state reactions. Stoichiometric amounts of Li2CO3

97%), Na2CO3 (99.8%), MoO3 (99.9%), Gd2O3 (99.99%) and Eu2O3 (99.99%) were
ixed homogeneously in an agate mortar then calcined at 1000 ◦C for 5 h in air.

The X-ray diffraction (XRD) spectra of these phosphors were identified by a
igakuD/max-II B X-ray diffractmeter using Cu as the anode at 40 kV and 100 mA,
he X-ray wavelength (�) was 0.154 178 nm and the lattice parameter of the samples
ere calculated by MDI Jade 5.0 software.

XRD data for phase identification were collected in a 2� range from 20◦ to 80◦

ith a step interval of 0.4◦/s. The excitation and emission spectra of these phos-
hors were recorded with a fluorescence spectrophotometer (Hitachi F-4500) with a
50 W Xe lamp, and the spectral resolution was set up to be 2.5 nm for both the cases
f emission and excitation spectra measurement. For the comparison of PLE and PL
ntensity, the quantity of the phosphor samples has been normalized and measure-

ent conditions (i.e., widths of slit of the excitation and emission monochromators,
he PMT detector sensitivity, scan peed) were kept consistent from sample to sample
n measurements. Average grain diameters were taken at a JL-1155 Laser particle
nalyzer (Chengdu Jingxin Powder Analyses Instrument Co., Ltd). The luminescence
ecay curves were obtained from an Edinburgh FLS920 spectrophotometer. All the
easurements were performed at room temperature.

. Results and discussion

.1. The analysis of phase characterizations and X-ray structure

Fig. 1a shows the comparison of XRD profiles for
a0.5Gd0.5−xEuxMoO4 (x = 0.05, 0.125, 0.30 and 0.50) phase.
he diffraction peaks are found to be similar to each other with-
ut noticeable shifting. All samples exhibit the same diffraction
atterns as appeared in JCPDS card 25-0828 corresponding
o the intrinsic diffraction patterns of tetragonal structure of
a0.5Gd0.5MoO4 with space group 141/a (88). No extra-peaks
elated to the starting materials MoO3, Eu2O3, Gd2O3 and Na2CO3
re observed. Na0.5Gd0.5MoO4 is similar to CaMoO4 in crystal
tructure, for the sake of the different valence states and difference
f the ion sizes between Na+ and Eu3+, Eu3+is expected to occupy
he Gd3+ site in this phosphor. The lattice parameters are calculated
and 0.50) and (b) Na0.5−yLiyEu0.5MoO4 (y = 0, 0.10, 0.25, 0.30, 0.40 and 0.50).

and shown in Fig. 2a. With the increase of the Eu content, the cell
constants and cell volumes increase due to the substitution of Gd3+

(ionic radius: r = 0.119 nm when coordination number (CN) = 8)
with larger Eu3+ (ionic radius: r = 0.121 nm when CN = 8).

The powder XRD patterns of Na0.5−yLiyEu0.5MoO4 (y = 0, 0.10,
0.25, 0.30, 0.40 and 0.50) are shown in Fig. 1b. According to the
JCPDS card 25-0828, all peaks can be indexed with space group
141/a (88). No second phase is observed. Variations of the cell con-
stants caused by different content of Li in the samples are exhibited
in Fig. 2b. It is found that with the increase of Li+ concentration, the
unit cell volume and c-axis length gradually decrease, however, the
a-axis length has no notable change. The cause lies in the fact that
Na0.5Eu0.5MoO4 is similar to CaMoO4 in crystal structure and the
central Mo6+ metal ion is coordinated by four O2− ions in tetra-
hedral symmetry (Td). In Na0.5Eu0.5MoO4, the MoO4

2− tetrahedral
form layers on the ab plane, and were separated by Na/Eu atoms. On
ab plane, the tightly Mo–O bond cannot widely move in the a- and
b-axis directions. In the c-axis direction, the layers are loosely con-
nected and separated by Na/Eu atoms. Consequently, the unit cell
volume and c-axis length decrease gradually when Li+ replaces Na+

step by step. On the other hand, the a-axis length nearly remains
unchanged. This is in good agreement with the calculated lattice
parameters result shown in Fig. 2b.

Fig. 3 shows the particle size distribution of the Na0.5Eu0.5MoO4
and Na0.25Li0.25Eu0.5MoO4 phosphors. When Li+ ions are intro-
duced to replace part of Na+ ions in Na0.5Eu0.5MoO4, the size
distribution of the phosphors increases slimly and the average
diameter of the particles is 2.28 �m with Li+ being 25 at.%. The
average grain diameter of all samples is less than 2.5 �m and
narrow diameter distribution, which is suitable to fabricate the
solid-lighting devices [14].

3.2. Luminescent properties of Na0.5Gd0.5−xMoO4:Eux
3+

The phosphors Na0.5Gd0.5−xEuxMoO4 (x = 0.05, 0.10, 0.125, 0.15,
0.20, 0.30, 0.40 and 0.50) with different Eu3+-doped concentra-
tion show similar excitation and emission spectra except for their
intensities. For the convenience of comparison, only the PLE spec-
tra of phosphors Na0.5Gd0.5−xEuxMoO4 (x = 0.05, 0.125 and 0.5) are
displayed in Fig. 4. The excitation spectrum for monitoring the

5D0 → 7F2 emission (∼615 nm) of Eu3+ consists of a broad band and
some sharp lines. The broad excitation band belongs to a strong
charge-transfer band (CTB) of Mo6+–O2− within the MoO4

2− group
(�max ∼ 300 nm) at short wavelength from 200 to 360 nm. The
charge transfer band (CTB) of Eu3+–O2− keeps the same absorption
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ig. 2. The calculated lattice parameters of (a) Na0.5Gd0.5−xEuxMoO4 (x = 0.05, 0.12
epresentation for a-axis length (Å), b representation for b-axis length (Å), v represe

eak at 230 nm when europium atoms have eight-fold coordina-
ion in molybdate. Na0.5Gd0.5MoO4 is similar to CaMoO4 in crystal
tructure, for the sake of the different valence states and ion sizes
etween Na+ and Eu3+, Eu3+is expected to occupy the Gd3+ site in
his phosphor. Thus, it is deduced that there is a charge-transfer
and (CTB) of Eu3+–O2− at about 230 nm in theory. However, the
T band of Eu3+–O2− is not clearly observed in the excitation spec-
ra, which could be due to possible overlap of the CT band with
hat of molybdate group. In the range from 360 to 500 nm, all
amples show characteristic intra-configurational 4f–4f emissive
ransitions of Eu3+ from the ground state 7F0 to the excited state 5L6
nd 5D2: sharp line 7F0 → 5L6 transition for 396 nm and 7F0 → 5D2

ransition for 466 nm. Compared with the intensity of characteris-
ic absorptions of Eu3+ ion in the PLE spectra as shown in Fig. 4, the

aximum two absorption of Eu3+ 7F0 → 5L6 and 7F0 → 5D2 peaks
ecome stronger with increasing Eu3+ content. However, the inten-
ity of CT absorption of the phosphors Na0.5−xEuxMoO4 firstly goes

Fig. 3. Particle size distribution of Na0.25Li0.25Eu0.5MoO4 phosphor (cu
0 and 0.50) and (b) Na0.5−yLiyEu0.5MoO4 (y = 0, 0.10, 0.25, 0.30, 0.40 and 0.50) (a
n for cell volume (Å3)).

up to its maximum level as the concentration of Eu3+ increases to
12.5 at.%; then goes down gradually and does not keep at a sta-
ble level until the concentration of Eu3+ further exceeds 40 at.%.
The experimental results indicate that there is no CT absorption of
Gd3+–O2−, when monitored for Eu3+ emission (615 nm). In any case,
it is a good phenomenon that the phosphors can strongly absorb
ultraviolet (396 nm) and visible light (466 nm), which are coupled
well with the characteristic emission from UV-LED and blue LED,
respectively.

The shape and position of the emission spectra of
Na0.5Gd0.5−xEuxMoO4 are very similar with each other under
396 and 466 nm excitation, respectively. Fig. 5 displays the

composition-dependent PL spectra of Na0.5Gd0.5−xEuxMoO4
(x = 0.05, 0.125 and 0.50) under 396 nm excitation. The spectrum
essentially consists of sharp lines with wavelengths rang-
ing from 550 to 700 nm. The main emission line is 5D0 → 7F2
transition of Eu3+ at 615 nm, other transitions from the 5D0

rve (a)) and Na0.5Eu0.5MoO4 phosphor (curve (b)), respectively.
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Fig. 4. PLE spectra monitored at 615 nm for phosphors Na0.5Gd0.5−xEuxMoO4. The
inset figure is the variation of the excitation intensity of the three main peaks with
Eu concentration for Na0.5Gd0.5−xEuxMoO4 (x = 0.05, 0.10, 0.125, 0.15, 0.20, 0.30, 0.40
and 0.50).
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ig. 5. PL spectra of Na0.5Gd0.5−xEuxMoO4 (x = 0.05, 0.125 and 0.50) phosphors under
96 nm near-UV excitation. The inset figure is the variation of the emission intensity
ith Eu concentration for Na0.5Gd0.5−xEuxMoO4 (x = 0.05, 0.10, 0.125, 0.15, 0.20, 0.30,

.40 and 0.50) under 396 and 466 nm excitation, respectively.

xcited levels to 7FJ (J = 1, 3 and 4) ground states are relatively
eak.

Usually the intensity ratio of 5D0 → 7F2 to 5D0 → 7F1 is regarded
s a probe to detect the inversion environmental symmetry around
u3+ in the host. It is known that 5D0 → 7F2 electric dipole tran-
ition of Eu3+ is highly sensitive to its local environment, which
ppears dominantly only when Eu3+ occupies the lattice site of
oncentrosymmetric environment in the scheelite phases [15]. The
mission peaks at 591 and 615 nm are the magnetic-dipole tran-
ition and electric-dipole transition, respectively. The intensity of
D0 → 7F2 (electric-dipole transition) is found to be much stronger
han that of 5D0 → 7F1 (magnetic-dipole transition) as shown in
ig. 5, which implies that the Eu3+ occupies the lattice site of
oncentrosymmetric environment in Na0.5Gd0.5−xEuxMoO4. Fig. 4
hows an absorption band of a molybdate group in the excitation
pectra monitored under 615 nm. However, there is no any emis-
ion peak corresponding to MoO4

2− as shown in Fig. 5. It is clearly
2−
uggested that the energy absorbed by the MoO4 group can be

ransferred to Eu3+ levels nonradiatively.
The effect of the doped Eu3+ content in Na0.5Gd0.5−xEuxMoO4

x = 0.05, 0.10, 0.125, 0.15, 0.20, 0.30, 0.40 and 0.50) phosphors
n the PL relative intensity at highest 5D0 → 7F2 transition of
mpounds 501 (2010) 124–129 127

Eu3+ at 615 nm is shown in Fig. 5. It can be seen that the
luminescence intensity enhances with the increase of the Eu3+

doping ratio and reaches a maximum at 50 mol% of Eu3+ which
means that all the Gd3+ is replaced by Eu3+. Zhou et al. [16]
synthesized the Na0.5Gd0.5MoO4:Eu3+ phosphors and investigated
their luminescence properties. The experiment revealed that the
luminescence intensity of Na0.5Gd0.5−xEuxMoO4 enhanced with
the increase of the Eu3+ doping ratio and the maximum emis-
sion intensity appeared at x = 0.125 compositions. It was also
found that concentration quenching happened if the concentra-
tion of Eu3+ was beyond 0.125. But, our experimental results
indicate that concentration quenching does not take place in
Eu3+-doped Na0.5Gd0.5MoO4 phosphor. Usually, a low doping ratio
gives weak luminescence. Maybe that is why the relative emis-
sion intensity of Na0.5Eu0.5MoO4 is much stronger than that of
Na0.5Gd0.375Eu0.125MoO4.

CaMoO4:Eu3+ is considered as a potential efficient red phosphor
that may substitute sulfide phosphors in white LEDs [17–19]. The
red phosphor Ca0.80MoO4:Eu0.20

3+ was prepared according to Ci et
al. [6]. The relative emission intensity and CIE chromaticity coordi-
nates of Na0.5Gd0.5−xEuxMoO4 (x = 0.05, 0.10, 0.125, 0.15, 0.20, 0.30,
0.40 and 0.50) and Ca0.80MoO4:Eu0.20

3+ were calculated and listed
in Table 1. When the excitation wavelength is 396 nm, the emission
intensity of Na0.5Eu0.5MoO4 is about 2.26 times higher than that of
Ca0.80MoO4:Eu0.20

3+.

3.3. Influence of the replacement of Na by Li on luminescent
properties of Na0.5Eu0.5MoO4

In order to improve the relative emission intensity of the
Na0.5Eu0.5MoO4, Na+ was partial replaced by Li+. The shapes and
positions of excited and emissive spectra of Na0.5−yLiyEu0.5MoO4
(y = 0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.40 and 0.50) do not change
with the difference of Li+ concentration.

However, the relative emission intensity changes evidently. The
relative emission intensities of Na0.5−yLiyEu0.5MoO4 are listed in
Table 1. It can be concluded that the relative intensities of the phos-
phors can be divided into two stages because of the different doping
concentrations of Li+. At the first stage, the luminescence intensity
increases with increasing content of Li+ and reaches the maximum
when Li+ doping amount is 25 at.%; at the second stage, the rela-
tive intensity reduces when the concentration of Li+ is higher than
25 at.%.

Na0.5−yLiyEu0.5MoO4 is similar to CaMoO4 in crystal structure
and the MoO4

2− oxyanion complex is the principal constitutive
element. For Na0.5−yLiyEu0.5MoO4, the Li+ or Na+ mixed with Eu3+

randomly occupies the Ca2+ sites. The calculated lattice param-
eters result of Na0.5−yLiyEu0.5MoO4 shows the unit cell volume
and c-axis length decrease gradually and the a-axis length nearly
remains unchanged when Li+ replaces Na+ step by step. Thus, it is
deduced that the Eu3+–O2− distance may become shorter, which
could be attributed to the smaller size of Li+ as compared to that of
Na+. Consequently, with the introducing appropriate Li+ content,
the emerged short Eu3+–O2− distance increases the probability for
the exchange interaction to occur that results in improving the
luminescence intensity of phosphor Na0.5Eu0.5MoO4. In addition,
the result shows that the small amount of Li+ alter the sublat-
tice surrounding field around Eu3+ ions and make them far away
in inversion symmetry in Na0.5Eu0.5MoO4. Generally, the 4f orbit
of Eu3+ is shielded by the outside 5S2 and 5P6 orbits. When the

Eu ions occupy the lattice sites without inversion symmetry,
the limit of f–f transitions of Eu3+ may be relaxed [20]. Therefore,
besides the emerged short Eu3+–O2− distance increases, another
possible factor which might contribute to improvement of lumi-
nescence intensity is the relaxation of f–f transitions of Eu3+ by
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Table 1
Comparison of CIE chromaticity coordinates and 5D0 → 7F2 relative emission intensity of Na0.5−yLiyGd0.5−xEuxMoO4 (0.05 ≤ x ≤ 0.50; 0.05 ≤ x ≤ 0.50) and Ca0.80MoO4:Eu0.20

3+

(�ex = 396 nm).

Phosphors CIE chromaticity coordinatesa 5D0 → 7F2 relative intensityb

x y

Ca0.8MoO4:Eu0.2
3+ 0.645 0.355 1.00

Na0.5Gd0.45Eu0.05MoO4 0.621 0.379 0.97
Na0.5Gd0.4Eu0.1MoO4 0.636 0.364 1.55
Na0.5Gd0.375Eu0.125MoO4 0.635 0.364 1.55
Na0.5Gd0.35Eu0.15MoO4 0.636 0.363 1.70
Na0.5Gd0.3Eu0.2MoO4 0.636 0.364 1.71
Na0.5Gd0.2Eu0.3MoO4 0.638 0.361 1.84
Na0.5Gd0.1Eu0.4MoO4 0.637 0.362 1.97
Na0.5Eu0.5MoO4 0.646 0.354 2.26
Na0.45Li0.05Eu0.5MoO4 0.644 0.356 2.52
Na0.4Li0.1Eu0.5MoO4 0.645 0.354 2.69
Na0.35Li0.15Eu0.5MoO4 0.648 0.352 2.77
Na0.3Li0.2Eu0.2MoO4 0.651 0.349 2.81
Na0.25Li0.25Eu0.5MoO4 0.654 0.346 3.10
Na0.2Li0.3Eu0.5MoO4 0.651 0.349 2.90
Na0.1Li0.4Eu0.5MoO4 0.650 0.350 2.78
Li0.5Eu0.5MoO4 0.648 0

a The NTSC standard values x = 0.670 and y = 0.330.
b The intensity of Ca0.8MoO4:Eu0.2

3+ is regarded as 1.00.
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ig. 6. Photoluminescence decay curve of Eu3+ in Na0.5−yLiyEu0.5MoO4 (y = 0, 0.25)
excited at 396 nm, monitored at 615 nm).

oping appropriate amount of Li+. The luminescence intensity of
a0.5Eu0.5MoO4 will decrease with the addition of superfluous
mount of Li+, which results in changing the Eu atomic location
nd causing lattice distortion. And the optimum concentration of
i+ in Na0.5−yLiyEu0.5MoO4 phosphors is 25 at.%.

The chromaticity coordinates of the phosphor
a0.5−yLiyEu0.5MoO4 (�ex = 396 nm) were calculated and listed

n Table 1. The chromaticity coordinates of the phosphor
a0.25Li0.25Eu0.5MoO4 are x = 0.654, y = 0.346, which are closer

o the standard of National Television System Committee (NTSC)
x = 0.670, y = 0.330) than those of Na0.5Eu0.5MoO4 (x = 0.646,
= 0.354). The result indicates that appropriate Li+ replacing Na+

ot only enhances the relative intensity but also improves the
olor purity of the red-emitting phosphor.

The decay curves for 5D0 → 7F2 (615 nm) of the Eu3+ in the phos-
hors Na0.5−yLiyEu0.5MoO4 (y = 0, 0.25) are shown in Fig. 6. They are
ell fitted with a single-exponential function as I = I0 exp(−t/�), and

he lifetime � values for Na0.5Eu0.5MoO4 and Na0.25Li0.25Eu0.5MoO4
re 0.397 and 0.436 ms, respectively. With the introducing appro-
riate Li+ content, the samples lifetime � values increase.
. Conclusions

The phosphors Na0.5Gd0.5−xEuxMoO4 (x = 0.05, 0.10, 0.125, 0.15,
.20, 0.30, 0.40 and 0.50) and Na0.5−yLiyEu0.5MoO4 (y = 0.05,
.352 2.11

0.10, 0.15, 0.20, 0.25, 0.30, 0.40 and 0.50) were synthesized
using solid-state reactions. The experimental results indicate
that concentration quenching does not happen in Eu3+-doped
Na0.5Gd0.5MoO4 phosphor and the relative emission intensity
enhances with the increase of the Eu3+ doping ratio and
reaches a maximum at 50 at.% of Eu3+. The emission inten-
sity of Na0.5Eu0.5MoO4 is about 2.26 times higher than that of
Ca0.8MoO4:Eu0.2

3+.
Appropriate amount of Li+ is introduced into Na0.5Eu0.5MoO4

to substitute Na+, the intensities of emission can be evidently
improved. The emission intensity (5D0 → 7F2) is enhanced by 3.10
times and the chromaticity coordinates (x = 0.654, y = 0.346) are
closer to the NTSC standard values (x = 0.670, y = 0.330) than that
of Ca0.8MoO4:Eu0.2

3+ (x = 0.645, y = 0.355) when Li+ doping concen-
tration is 25 at.%. Furthermore, the analysis of the experimental
results suggest that besides the emerged short Eu3+–O2− dis-
tance increases, another possible factor which might contribute
to improvement of luminescence intensity of Na0.5−yLiyEu0.5MoO4
is the relaxation of f–f transitions of Eu3+ by doping appropriate
amount of Li+. All the results indicate that the red phosphor is a
suitable candidate of red-emitting phosphor for the fabrication of
white LEDs.
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